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Tests have been made at the Pilotless Aircraft Rcsoarch Test
Station at Wallops Islandj V=., to determine the effect of sweep-
back sngle and aspect rahio on the drag at supersonic syeeds of

* wings of NACA 65-009 airfoil section. A previous yaper has
yresented the results obtained for w5nGs having aspect ratios of 1.5
and ‘2.7and sweepback angles of 0°} 34°, 45°, and 52°, The yresent

, paper extends,these restits to incIudo aspect ratios of 3.8 and 5.0~

For the range of Mach numbers investigated (M = 1.0 to 1.3),
It was found that %he drag coefficient decreased as the sweepback
angle increased the rate of decrease being scmewhat greater for
the larger aspect ratios.

In general, for Mach numbers greater than a.value souewhat less
than that at which the Mach line lies along the leadin~ edge, the
drag coeffici~~t decreased with a decrease in aspect ratio. This
effect of aspect ratio was more in evidence at iho lower angles of
sweep; at a sweepback angle of h~” the change in drag coefficient
was ;ery smell b_&w&en a;pect

The results are compared

with other e~erimental data.

ra%~os of I.S-and 5.0,

with theoretical calcul~tions and

INTRODUCTION

.
To obtain information on the drag of wings at supersonic speed$

a series of tests is being conducted at the Pilotless Aircraft
● Reoearch Test Station at Walloys Island, Va,, of a series of identical
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rocket-yropelled bodios carrying wings of various sweeyback angles
and aspect ratiosB By subtracting the drag of a wingless body
from the ~~ag of an identical body carrying a wing, a meam,rreof
the wing drag is obtained,

The first report of this investi~tfon (reference 1) presented
the results of dra.gmeasumments made in thj.smanner on rectangular
and swept-back wings of NACA 65-0c19airfoil section for aspect
27atios Of 1,5 ~d 2.7. Rhine the puhlicatton of reference 1,
data have been obtained for three additional wings having aspect
ratios uy to 7.0, The piiesentpaper gives these results.

MODELS AND TESTS

In the present investigation, data.were obtained for three wingsz
*WC of aspect ratio 3.8 with sweeyback angles of 0° and 34°, and one
of aspect ratio 5*O with a sweepback angle of ~.~o, A drawing of the
general model arrangemeiitis shown in figure lj and photographs of
the models are given in fi~es 2, 3, and 4, The wjjn~swel”emounted
on identical rocket-propelled bodies at zero incidence with the
nidsmispan quarter-chor& point at the center of gravity of the
fully loaded model, The wings had no twistj ‘Wyer, or dihedral, !?Jho
NACA 65-()()9 airfoil sections were normal ta the leading edge, The
test bodies wel”~of all wooden constru~tfon and were > inches in
d.iaineterand approximately 5 feet long. The bodies were made hollow
to accommodatethe propulsion uni%j a skandaml 3.27-inch Mk. 7 air-
craft rocket motor developing about 2200 pounds of thrust for
0.87 second at an ambient preignition temperature of 690 F. Tho
stabilizing fins were rotated 4.5°out of the -planeof the win~s to
minimize the effect of the wine wake on the tail. Data were obtained
for one model of each confi~uation except -&e eonfi~ation which
carried the wing of aspect ratio 3.8 ~wept back 34.04 For this con-
figuration, data were obtained for t~io identical models,

The experimental data were obtained by launching the model
at an angle of 75° to the horizontal and determining its velocity
along the flight path by the use of
(AN/TPs-~),

continuous-waveDoppler Radar
A description of the radar method is @ven in reference 2,

A typical curve of velocity against flight time obtained from a
radar record.is given in figure 6. The drag data were obtained
by differentiating that portion of the cuzzvedv~in~ which the models
were coasting(after the propellant had been expended)+ Drag values,
converted to standard sea-level dcnsityj are presented in figure 7
against flight velocity for two identical test bedim having win~s
of 34° sweepback and 3,8 as~ect ratio. The tialuesof total drag were
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converted to coiiresyondin.gvalues 6f ‘mtsl drag coefficient based
on the exposed wing plaii-fernarea, which was 200 squez’einches
for all modelst The as~ec’tratios were based on the total span and
erea, which included the shaded ~ortion shown blanketed 3Y the %ody
in fiSuxe 1. T~Jev~~s Of temperature and static p=ss~e used j-n
calculating the &zag coef’ficieriGsand Mach numbers were oltained
from radiosonde observations made at the tircecf firing. The tests
covered a Mach number range frem about 1.00 to about 1.35.

RES-ULTSAND DISCUSSION

The results of the in-~estigbkion-ftogether with co?.qarable
results of reference 1, are given in figure 8 as c-wrvesof total
&rag coefficient and wing &zag coefficient egainst Mach mmiber.
The curves of win= drag coefficient %Terederived.%y taking t~he
difference between tho total drag coefficient cw$ves of the wi~ed
configurations and that of the sharp-n-~eedwingless body Of reference 3

(this %ody, which is shown.in fig. 5, is identical-to the %odies used
in theprosent invcs>igation). The wing Wag coefficients thus
include any possib3.e”effects of interte~ence between wing and fuselage.

The greatest,inaccuz<aeiesin the present data occur below
Mach num~ers Of “about1.0. First$ the slo~eof the velocitiy-tfie
CW,=VCis sufficiently smller:in this region to incur a larger
Percentage err.m’in computing accelerations. Second, the rate of
change of di?ag”wit~Mach rn.?z.alerin tke i--tiebelow M = 1.0 is such
that a snell error in l.fach,nmn~e%in this region”can cause a con-
siderable error in the curve. A study of’the availalle drag data for
which radar records were obtained for two identical models at M < 1
indicates that not a @eat. deal of reliance should be ylaccd on the
&vag data oT the pzxescniQa]er at,Macb.wabers below 1.0+, Ii is comon
to have differences in dxag coefficient of *1O yercent in this region.
Inthc highey Mach nvaioe~range, tho accuracy is within ‘3 percent~
There is promiseof obtaining more,accwea’telow Mach number data from
future test~ thrci@h refinements In fr@rtqmn~ation+

The accuracy in velocity measwement has bebn osttiated to ‘be
well within ~1 percent,the largest error in this measurement being
that which crises f’rcmthe very small cuzvatm’e of the flight path.
The temyeratwe and ~ressure measureuen-tsobtained by tho use of
radiosondc obsei~ations hold the accuracy of Mach num%er to tl yercent.

The data of the present pa~er to a certain extent agree with
the calculations OY reference 4. FOY exwmle} it is Pointed out in
reference 1+that for Mach n~bers a~proach~ng that at which the
Mach line lies al!.ongthe leading edge, awing of low asyect ratio
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should have a lowor wave drag than one of him asyeci raiioj and
that for a Mach number considerably below this value the effect
of aspect ratio should reverse. TlnisDeans that for a sveepback
angle of’34.0and a Mach number of about 1.2j the drag coefficient
would be e~ected to decrease with de.crea.singasyec’bratio, and that
for sc?me}Jachnumber ayyreciably less than 1.2 the effect of aspect
ratio on drag coefficient should reverse. The data.of f’igure8
for 34° swec}back tend to follow this theoretically calculate~
behavior, a ~artdal revez’salbccurring at a Mach number of about 1,05
(the data are not entirely consistent witlnregard to reversal). The
curves fo~’the wings of 45° sweyback lie too close ‘GOone another
to permitmaking any def’inite statements.

The data of figure 8 (cros~-ylotiteiin fig. 9, which also y.resents
data from other somces to %e discussed later) show that the decrease
in Nag coefficient with increasing syeepback noted ih reference 1
for aspect ratios of 1.5 and 2,7 also holds for an aspect ratio of 3.8,
The decrease In &rag coefficient for a giivenincrease in swecpback
angle seems to be somewhat ~eater for the higher aspect ratios.
The data al~o in&Icabe, as did those of reference 1, that the effect
of decreasing the aspect ratio a-tconstant sweoyback is generally to
decreaee the drag co+ff’icient}and that the magnitude of thfs effect
at a given,Mach number &tainishes with increasing sweepback an,gle
(at a sweepback angle of 45°, only negli,gftilecha~.gesin dxxagcoef-
fici.en%,resul.twher itheaspect.rati,ois ’ch.an~ed.from7.O to 1.7),

332figure $),a comparison is made of,the e~ertiental results
presented herein, and the theoretica~ calculations of the wave drag
‘for an isolated 9-p6rcent thick biconvex ~arabolic-arc airfoil based
on the results of ref@rence.4 for 34° and k5° sweoyback, Also
included’are heretofore unpublished theoretical results by the senior
author of reference ~}f’oka whg of O“.sweeyj based on the linearized
theory used ii reference 4. The comparison between the theoretical
and experimental wag coefficients of the unswe]t wrin~sis,not
particularly valid since the theoretical requirement that the boW
wave be attached to the airfoil Is not fulfilled by the NACA 65-009 air-
foil. However, the comparison.is m.ade’fcircompleteness* A comparison
is also made with some results obtain+ by tinefreely-falling-body
technique (reference 5). Z%e a~eement between theoretical and
experimental values is fairly good considering that the -thearydid
not take in-toaccount boundary=l.ayereffects and interference effects.
In addition,the theoretical rem~ts are for a sharp-nosed parabolic-
.arc profile.
paper and the
difference in

The lack of close agreement between the results of this
results of reference 5 is Trobably due in part to the
‘interfer%ce measured by the two methods of testing.
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. ~lf.@~ ijestjs to de~e~~~~ ~~e effect Of aspect ratio and sweep-
%ack on the drag of w1:lG of NJICA65-oo9 airfoil section were made
at the Pilotless Aircraft Research Test Station at Wallops IsJ-and,Va.
For the ran~e of llachnumbers} aspect ratiosj end sv%eyback angles
investigated, the following statements can be made:

Tne dz”agcoefficient decreased ?,sthe an@.e of sweepback increased.
The rate ot decrease was sligb.tlygreater for the higher aspect ratios*
X??general, for Mach numbers greater than the value at which the Ma&
line lies a little ahead of the leadin~ edge, the drag coefficient
decreased with a decrease In aspect ratio. This offec% of as~ect ratio
diminished as the sveepback angle was increased, until at a~ angle
of 45° there were Gnly negligible chan~es in tia~ coefficient for
aspect ratios between 1,> and >.0.

These results substantiate the findings of a ~re~loas similar
invesiigdion, and extend tfi-effriiin.r~to hi@er as~ect ratios.

Lan@ey Nemorial Aeronautical Laboratory
National Advisory Coumittee for.Aeronautics

‘LangleyField, Va.
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Figure 2.- The test body with unswept wing of aspect ratio 3.8.
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Figure 3.- The test body with 34° sweptback wing of aspect ratio 3.8.
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Fig. 4

Figure 4.- The test body with 45° sweptback wing of aspect ratio 5.0.
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Figure 5.- The wingless test body of ref erence 1.

Fig. 5
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figure 6.- ijp’ed K9’Qc/ty - ?7/’?7L?curve -
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